Objective: To examine the efficacy of a new device, which slows and regularises breathing, as a non-pharmacological treatment of hypertension and thus to evaluate the contribution of breathing modulation in the blood pressure (BP) reduction. Design and setting: Randomised, double-blind controlled study, carried out in three urban family practice clinics in Israel. Patients: Sixty-five male and female hypertensives, either receiving antihypertensive drug therapy or unmedicated. Four patients dropped out at the beginning of the study. Intervention: Self treatment at home, 10 minutes daily for 8 consecutive weeks, using either the device (n ‫؍‬ 32), which guides the user towards slow and regular breathing using musical sound patterns, or a Walkman, with which patients listened to quiet music (n ‫؍‬ 29). Medication was unchanged 2 months prior to and during the study period. Main outcome measures: Systolic BP, diastolic BP and
Introduction
Hypertension has been well documented as a major risk factor for cardiovascular morbidity and mortality. 1 The side effects and cost of antihypertensive drugs have led to a consensus about the need for effective non-pharmacological treatment alone or adjunctive to drug therapy. biofeedback and these methods have had some success in treating high blood pressure (BP). [2] [3] [4] [5] [6] [7] [8] [9] [10] Past research suggests that a slow and regular breathing pattern has a number of beneficial effects in the reflex control of the cardiovascular system. 11, 12 However, the specific role played by breathing exercises in the sustained reduction of high BP has not been evaluated by well-controlled studies.
We hypothesised that the routine practice of a slow and regular breathing pattern may reduce high BP. The hypothesis was tested using a new device called BIM (Breathe with Interactive Music). The BIM guides the user towards slow and regular breathing by creating a musical pattern temporally related to the breathing movements monitored by a sensor. 13 The two principal objectives of this study were to examine the efficacy of the BIM device in reducing high BP and to evaluate the contribution of breathing modulation in the BP reduction. We employed a double-blind, randomised study design with an active control group using an alternative device (Walkman).
Patients and methods

Patients
This study was approved by the research ethics committee of the Hadassah University Hospital and was carried out at three independent urban family practice clinic sites (I, II and III). The study was first conducted at site I and then repeated at sites II and III for additional verification, in view of the outcome favouring our hypotheses which was shown in the site I study.
Inclusion criteria were patients aged 25-75 years with elevated BP, unmedicated or constantly medicated with the same drugs and at the same doses for at least 2 months prior to the study. Hypertension was defined in site I as average systolic BP у140 mm Hg and/or a diastolic BP у90 mm Hg during the year prior to the study and at the enrolment visit. In sites II and III, patients eligible for inclusion had a BP у140/90 mm Hg at two visits, several days apart, enrolment taking place during the second visit. In site I BP measurements were registered during the year prior to the study. Exclusion criteria were active ischaemic heart disease, chronic atrial fibrillation, congestive heart failure, stroke, diabetes mellitus, chronic renal failure, asthma, chronic respiratory disease, other major organ failure, panic disorder, major psychiatric diagnoses, pregnancy, a body mass index (BMI) Ͼ35 (in sites II and III) and an inability to operate a portable tape.
Sixty-five subjects were enrolled in the study (n ϭ 28, 24 and 13 for sites I, II and III, respectively) following a medical chart review of patients registered in the three family practice clinics. The patients were told that in order to measure the efficacy of the device in reducing hypertension, treatment would consist of listening at home in a quiet room to special music produced by one of two devices, for 10 min each day during an 8-week period. No mention was made of breathing exercises. Written informed consent was obtained.
Study procedures
The BIM device (prototypes manufactured by InterCure Ltd, Neve Ilan, Israel) used in the treatment group, consists of a belt-type respiration-movement sensor mounted on the upper abdomen or chest, a computerised control unit and headphones. Based on the analysed monitored breathing pattern, the device composes in real-time music-like sound patterns with a temporal structure similar to the actual breathing pattern but with prolonged 'expiration' (in the sound pattern). The breathing pattern modification occurs as the user voluntarily follows the sound pattern with his/her breathing movements. 13 This process continues until it reaches a steady state at the lowest breathing rate convenient to the user. A Walkman was used as an active control, playing a 10-min recorded cassette of quiet synthesised music similar to that of the BIM, however with a non-identifiable rhythm. The justification for the use of a Walkman as a control will be related to in the Discussion section.
The BP was measured in a sitting position, after the patient had rested for 5 min. All readings were taken with an appropriately sized cuff placed on the right upper arm parallel to the trunk. The doctors were trained to use phase I Korotkoff sounds to define the systolic BP and the disappearance of sound (phase 5) as the measurement of the diastolic BP. A single BP measurement was determined as follows: in site I-two readings using two different sphygmomanometers. The first with a standard mercury sphygmomanometer and the second with an aneroid sphygmomanometer. In sites II and IIIthree to five readings with a standard mercury sphygmomanometer until two consecutive BP readings did not differ by more than 10%. The use of two different BP monitors in site I was done in an attempt to check dependence of measurements on the device type (found to be insignificant).
The patients' compliance with treatment was checked by the personal diary they had been asked to sign each day, confirming that they had carried out the treatment. More information was obtained for the BIM treatment from data stored in data loggers installed in the 18 devices supplied to sites II and III only. This information included the number of sessions and minutes of use as well as the average breathing rate at the end of each session.
Study design and protocol
The study was randomised, double blind with parallel design and active control in order to examine the efficacy of the BIM device in reducing high BP and evaluating the contribution of breathing modulation in the BP reduction. Efficacy was defined as the ability of the device to reduce high BP by more than at least one of the following 'clinically meaningful thresholds': 10, 5, and 6.7 mm Hg for systolic BP, diastolic BP and mean arterial pressure (MAP), respectively. These figures represent half a stage in the JNC-6 classification of hypertension for adults age 18 years and older. 1 This choice is justified since a reduction of this magnitude is likely to benefit the patient in terms of lower mortality and fewer serious vascular events. 14, 15 The contribution of breathing modulation in the possible BP reduction was examined by comparing the BP reduction in the BIM and Walkman devices.
Study stages
The participants visited their clinic for BP measurements while receiving self-treatment at home (Figure 1 ). Enrolment took place at the last baseline visit (one visit at site I and two visits at sites II and III). At enrolment, inclusion and exclusion criteria were examined. The patient's medical history including medication list was recorded and a physical examination performed. The patients were requested to sign a diary each day confirming that they had indeed carried out the treatment.
Randomisation was carried out by a third party on small groups of enrolled patients according to the following procedure: a list of two or more patients was sorted with preferences for MAP, age and gender in that order, creating a list in which consecutive patients are best matched. After dividing the list into pairs (1st and 2nd, 3rd and 4th, etc), the patients in each pair were randomly assigned into the BIM or Walkman groups, using a table of random numbers.
Devices were delivered and maintained by a technician at the patient's home. The technician instructed the patients to treat themselves by listening to the device music (while performing breathing exercises, in the BIM group) 10 min daily for 8 weeks. The instruction for the self-treatment, using the devices, was similar in both groups and lasted about 30-45 min. The technician was available via a mobile phone to help the patients solve technical problems. The technician also collected the personal diary forms at intervals during the study period.
The treatment took place at home, during the afternoon or evening, with the patient seated comfortably in a quiet room and avoiding any dis- Figure 1 Progress through the various stages of the study.
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turbances, for example, use of telephone, television or talking to other persons. No change was made in the antihypertensive medication during the whole study period. Double blinding was achieved by both the doctors and the patients being unaware of group assignment and the technician being blinded to the patient's BP measurements at the clinic. In order to minimise accidental unmasking, patients were requested not to talk about the specific device with the doctor and other persons who may be participating in the study.
After enrolment, the study participants were invited at a similar hour at weekly intervals to the Family Practice Clinic where the same doctor measured their BP and heart rate. At the end of 8 weeks of treatment the subjects were questioned for adverse reactions, and comments not reported during the study were noted. In addition, the doctor performed a physical examination and checked concomitant medication. After this final visit the technician collected the devices.
Although not part of the original study protocol, all patients were asked to return for a follow-up visit 6 months after termination of treatment. Only 43 agreed.
The rules for a patient's withdrawal from the study were firstly a change in the medical condition that would not allow the patient's continued participation according to the protocol. Secondly, nonadherence to the protocol, mainly failure to visit the clinic for BP measurements.
Data analysis
BP level per visit was calculated from the sequence of consecutive measurements by averaging the readings. For study I (four BP readings) we have calculated the deviation of each reading from the average BP value measured for a specific patient and visit. This deviation created a Gaussian distribution around zero with a standard deviation (s.d.) ϭ 4.5 and 3.3 mm Hg for the systolic and diastolic BP, respectively. We have excluded 5% of the systolic or diastolic BP data (93/1908 measurements) that deviated by two or more standard deviations from the average value measured at each visit, but not more than a single data measurement per visit. This procedure is justified since it was applied as an objective tool to reject erroneous measurements corresponding to large changes in BP observed in a sequence of BP readings. Such errors were observed when patients moved or thought and reported stressful situations during BP measurements.
In studies II and III, three to five BP readings were measured, stopping when readings did not differ by more than 10%. BP level per visit was calculated by averaging the data of all consecutive readings that were closer than 10%, ie the difference between the two consecutive measurements divided by their average value was less than 0.1, for either systolic or diastolic consecutive measurements.
Baseline BP level was defined as the average BP measurements at one (site I) or two visits (sites II and III) during enrolment. The primary study outcomes for an individual patient were changes in the systolic BP, diastolic BP and MAP from baseline to 'end value', where the latter was calculated as the average of the BP level measured during the last 5 weeks of treatment. The justification is described in the statistical analysis section. The same analysis was applied for calculating changes in the heart rate.
Statistical analysis
Estimation of sample size was made at first for site I, using the data of Patel and North, 6 whose study had some similarity to our design, since treatments included breathing exercises compared to general relaxation. Standardised detectable difference (⌬/) for the systolic BP was found to be 0.78 (with pooled standard deviation), which provides a minimal group size of n ϭ 13 for comparing the treatments with a significance level of P Ͻ 0.05 with 80% power of test. Using the results obtained at site I we obtained a standardised detectable difference of 0.67, which gives an n equals 18 for sites 2 and 3 under the same requirements.
Analysis was performed using the following tests: justification of data pooling from different sites was tested by comparison by site of baseline characteristics and study outcomes for each group using ANOVA for continuous variables and chi-square for categorical variables. For comparison of baseline characteristics between the treatment groups t-test for continuous variables and Fischer's exact test for categorical variables. The justification for selecting a time period for defining 'end value' of BP change, ie the plateau region shown in Figure 2 , was done by grouping data into the five 2-week segments shown in Figure 2 , as 'prior treatment' and Quarters Figure 2 Variations of MAP (with s.e.) during the study (dark grey) for all patients (n = 61), and 6 months after treatment ended (light grey) for a subgroup of patients (n = 43), who were willing to visit the clinic. The bar marked by 'prior treat' refers to 10 days prior to delivery of devices and the 'Quarter 1' to 'Quarter 4' refer to 2-week intervals that include the treatment period.
1 to 4, covering the 8-week treatment period. In that way each time segment included patients who had outcomes. We then performed repeated measure analysis with ANOVA for evaluating the variance of MAP for all patients and for MAP change of each treatment group during the last n time segments (for example, for n ϭ 2 we compared all data measured during Quarters 2 to 4). The efficacy of the BIM device in reducing high BP was tested using a onesample t-test for each outcome, ie systolic BP, diastolic BP and MAP changes. The comparison of treatment effects on outcomes was tested using a linear regression model that included as covariates, baseline BP value, age and the interaction of these covariates with the type of treatment. The possible effect of the categorical variables gender and medication status on outcomes was evaluated for each treatment group using the t-test. All the tests were two-tailed.
Results
Baseline characteristics of the 65 enrolled subjects in the study are presented in Table 1 . Four patients, all from the control group, were lost to follow-up at the treatment period and thus had no outcomes. Three of them had one or fewer visits, explained by the lack of time and refusal to collaborate and an additional patient stopped after three visits since she travelled abroad. The remaining 61 subjects comprised the cohort of 'compliant patients' (Figure  1) , which is identical with all intent-to-treat patients having outcome measures. The BP changes in response to treatment are shown in Table 2 .
The BP reduction in the BIM group was significantly greater than a predetermined 'clinically meaningful threshold' of 10.0, 5.0 and 6.7 mm Hg for the systolic BP, diastolic BP and MAP respectively (P ϭ 0.035, P ϭ 0.0002 and P ϭ 0.001). No The reduction of diastolic BP and MAP changes was significantly greater in the BIM group compared to the Walkman group (P ϭ 0.008 and 0.03). The systolic BP changes displayed a similar trend but did not reach statistical significance. The corresponding heart rate changes were not significant: 2.0 ± 9.6 for the BIM group and 1.7 ± 7.6 for the Walkman group.
There was no association of the outcomes of either group with gender (P Ͼ 0.15). The number of unmedicated patients was too small to test a possible association of outcomes with the medication status. No adverse reactions were reported during the study.
The main reduction of BP in both groups was achieved within the first month of treatment with the BP reaching a plateau during the last 5 weeks (Figure 2 ). This observation is confirmed by finding no significant difference between MAP of all patients measured at Quarters 2, 3 and 4 (P Ͼ 0.8, Values in columns 2 and 4 are average ± s.d. in mm Hg. Column 6 corresponds to the 95% confidence interval for the difference between BP changes observed in the two treatments. The P-values in columns 3 and 5 were obtained by one-sample t-test. The Pvalues in column 7 are covariate-adjusted for age and baseline BP and were obtained by using the linear regression model. a Pooling of BP changes among the three study sites was justified, since there were no statistically significant differences (P Ͼ 0.05) in changes of systolic BP, diastolic BP, MAP and heart rate between the first site and the second and third sites combined, in response to treatment with either the BIM or the Walkman.
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for comparison with ANOVA). A drop in BP in both groups occurred between enrolment and delivery of the devices which marked the start of treatment (2.8 and 2.9 mm Hg for the MAP in the BIM and Walkman groups, respectively, P Ͼ 0.9). Compliance of patients in the BIM group could be evaluated from data obtained from 14 of the data loggers in the 18 BIM devices used in sites II and III. Due to technical problems we were unable to download files stored in four BIM devices. Data showed that, on average, each patients used the BIM for 43 sessions (out of 56 requested) and for 7.3 min (out of 10 min requested). The average end-breathing rate in a treatment session was 8.4 per min. This value is lower than the normal breathing rate, which is usually in the range of 12 to 20 per min.
Forty-three out of the 61 patients complied with the request to re-examine their BP 6 months after the treatment with the BIM or Walkman had been terminated and devices returned. The baseline characteristics of patients from each treatment group, who came for a 6-months follow-up visit were compared. No significant differences were found (P Ͼ 0.05). During this period hypertension medication had been changed (reduced) in only one patient included in the BIM group. The results (Table 3 ) demonstrate that at 6-months follow-up the diastolic BP reduction was still significantly greater than the threshold of 5 mm Hg (P Ͻ 0.02), and the decrease in the BP was significantly greater in the BIM group as compared to the Walkman group (P ϭ 0.04 and P ϭ 0.001 for systolic and diastolic BP changes, respectively).
Discussion
Our basic study hypothesis was that routine exercise, during which breathing is slowed down, can reduce high BP. It should be emphasised that no assumption was made that the BP effects are related to a sustained change in the respiration pattern. In the study reported here, guided breathing exercises Values in columns 2 and 3 are average ± s.d. in mm Hg. Column 4 corresponds to the 95% confidence interval for the difference between BP changes observed in the two treatments. The P-value in column 5 is covariate-adjusted for age and baseline BP and was obtained using the linear regression model.
performed with the BIM device at home for about 10 min daily, were associated with a significant reduction of BP in hypertensive patients by a clinically meaningful value of 15/10 mm Hg for systolic and diastolic BP, respectively. This is indeed a substantial BP reduction especially when compared to other accepted non-pharmacological therapies, for example, aerobic-exercise training 16 and reduced salt dietary intake 17 which reduced high BP by 6/5 and 6/2 mm Hg, respectively.
Both the BIM and the Walkman groups listened to music. However, during the intervention respiration was actively modulated only in the BIM group. The greater effect in this group suggests that modulation of breathing is the active component. The lack of identification of an active element in the so-called 'behavioural treatments' of hypertension adds to the controversy concerning their efficacy. No previous attempt has been made to evaluate the possible role specifically played by the breathing pattern in reduction of high BP using a double-blind, randomised study design.
In most studies the control group either did not do anything or performed some other activity such as relaxation exercises. The choice of Walkman as an active control in our study satisfied the criteria of a 'good control'. 18, 19 Like the BIM, it is a handheld device and its use entails listening to music. Both groups underwent a short period of technical training and treatment was carried out under similar environmental conditions. The Walkman was different from the BIM in that its use does not entail active breathing exercise, thus allowing us to isolate the effect under study. The effect of the Walkman has potential benefits, since it has been demonstrated that quiet music can elicit a cardiovascular response in the direction opposite to that caused by mental stress. 20, 21 The BP reduction observed in the Walkman group could be ascribed to the so-called 'relaxation response' 22 and is consistent with the view in the literature of the physiological response to quiet music. 20, 21 It is not unlikely that patients in this group also reduced their breathing rate in response to the music, as has been reported in other studies. 20 Unfortunately, we were unable to monitor the breathing rate for the Walkman group in the present experimental setting. The additional BP reduction produced by the BIM could be attributed to the active breathing exercises. It is not unlikely that part of the observed BP reduction could be attributed to the frequent attention of the medical staff equally given to both groups. The small BP drop that occurred after enrolment and prior to the delivery of the devices may reflect a placebo effect similar for both groups, associated with the patient's expectation to benefit from the intervention. 23 The observed placebo effect raises a basic methodological issue concerning the appropriate choice of the baseline period, whether it should be the period ending at enrolment or the period prior to the delivery of the device. We believe that an outcome should be measured between two periods during which the variable examined, which determines the study outcome, displays relative stability. This placebo effect is dynamic by nature and it is unclear for what period of time this effect continues. It is possible that after a 2-month period the placebo effect has diminished or completely disappeared. The dynamic changes which are likely to take place before treatment in our experimental setting methodologically preclude using this 'prior to treatment' measurement as the baseline. We therefore calculated the BP change as the difference between the measurement on enrolment and the 'end value' where the latter was calculated as the average BP level during the last 5 weeks of treatment during which BP reached a plateau. Since home BP as well as 24-h ambulatory measurements have been demonstrated to be insensitive to placebo effects, 24 further assessment of our results need to be made using the above methodology.
Regression to the mean was not expected to contribute significantly to the observed BP changes in either group. Such an effect is unlikely when the baseline value is obtained by averaging a number of measurements. 25 The same can be concluded if a baseline value does not differ significantly from an average based on a number of previous measurements as in the first study, in which the BP data of all 28 enrolled patients was known 1-year prior to enrolment value (average of 6.4 measurements per patient during the year). The BP differences between the enrolment value and the previous year's average were found to be insignificant (P у 0.4 analysed by paired t-test) having a Gaussian distribution with an average of −0.3/1.0 mm Hg.
Slow and regular breathing, below 10 breaths per minute, is known to affect reflex control of the cardiovascular system and to modulate BP. 11, 12, [26] [27] [28] [29] More specifically, lung inflation, which increases with decreasing breathing rate, stimulates slowly adapting pulmonary stretch receptors. 11, 12 This neural activity serves as an input to the medulla and is integrated with the information about BP level generated by the arterial baroreceptors. 28 As an acute response to BP elevation and/or lung inflation, heart rate is decreased [25] [26] [27] and vasodilatation occurs in a number of vascular territories, such as the limbs, skin, muscles, kidney and splanchnic vascular bed. 11, 12 Our measurements of the end breathing rate at home and other tests done with the BIM technology 13 demonstrate that breathing at a rate below 10 per minute is easily achievable. The effect of chronic stress on the development of hypertension is rationalised by frequent stress-induced arteriolar vasoconstriction that leads to an adaptive process of thickening and stiffening of arteriolar wall. 30 Three months of mental relaxation with breathing exercises at home significantly blunt the excitatory autonomic changes produced by stress stimuli, similar to ␤-adrenergic blockade. 31 This evidence, in addition to the acute cardiovascular response to slow breathing mentioned above, suggests that routine sessions of slow and regular breathing may reverse the process that leads to the development of hypertension. A similar rationale has been proposed to explain the benefit of regular walking, which has been shown to produce a reduction in BP. 32 However, the continued beneficial effect of routine breathing exercise and the mechanism involved require further investigation.
The fact that BP levels, measured 6 months after treatment had been terminated, were still significantly lower in the BIM group than on enrolment suggests a residual long-term effect of the BIM treatment on the BP control system. Some behavioural treatments, which applied breathing exercises for treating high BP found residual effects even after 1 year of follow-up. 5, 10 A potential weakness of our study was that it was carried out sequentially, having been completed at clinic site I before continuing in clinic sites II and III. However, bias was largely averted by the blinding of the doctors in the clinical sites as to the treatment device used.
In conclusion, breathing modulation may have
Journal of Human Hypertension therapeutic potential as a low-risk, adjunctive therapy for hypertension. In this study clinically significant BP reductions were observed within 2 months of daily self-treatment with the BIM. The BIM treatment group was shown to have a slower than normal breathing rate at the end the treatment sessions. The slow and regular breathing may play a role in the treatment of high BP. Despite the encouraging results, a larger study including home BP measurements is required in order to confirm these preliminary findings. Additional efforts should also be invested in establishing the underlying mechanisms and optimising this novel nonpharmacological approach.
